Abstract. Three hypotheses that attempt to explain latitudinal sex ratio variation on wintering grounds are: 1) the behavioral dominance hypothesis, 2) the arrival time/sexual selection hypothesis, and 3) the body size/physiological hypothesis. Testing these hypotheses is difficult because many predictions are not mutually exclusive. By examining migratory behavior and winter distributions of House Finches (Carpodacus mexicanus), a species in which females dominate males despite their smaller size, we controlled for confounding effects of bodv size on behavioral dominance. We examined U.S. Fish and Wildlife Service records of House Finches banded throughout the eastern United States following their introduction in 1940. These data suggest the evolution of partial migration among the introduced nonulation of finches. with a trend in recent years (1975-1989) for females to migrate farther than males. The proportion ofmales on wintering grounds varied significantly and consistently with latitude in the East. Sex ratios north of 38"N latitude were malebiased, while those south of this were female-biased. Similar patterns were not apparent among western House Finches during winter or in the eastern population during the breeding season. Of the three hypotheses, only the body size hypothesis correctly predicts the pattern observed among wintering finches. Therefore, different energetic constraints facing male and female House Finches, perhaps related to body size, may be influencing migratory behavior and winter distributions.
INTRODUCTION
In recent years biologists have questioned why some individuals of a species undertake long migrations while others do not migrate (partial migration), and why some individuals migrate much greater distances (differential migration) than others (Gauthreaux 1978 (Gauthreaux , 1982 Myers 1981 ; Ketterson and Nolan 1983; Berthold 1984) . Such migratory behaviors are thought to give rise to marked segregation of sex and age classes on the wintering grounds. Geographic differences in winter distribution among age and sex classes in migrants is said to be nearly ubiquitous (Kerlinger and Lein 1986; but see Perdeck and Clason 1983; Diefenbach et al. 1988 Diefenbach et al. , 1990 .
At least three hypotheses attempt to explain patterns of latitudinal variation in winter sex ratio among birds (reviewed by Gauthreaux 1982 (Lack 1944; Kalela 1954; Balph 1975; Gauthreaux 1978 Gauthreaux , 1982 predicts that intersexual competition forces members of the subordinate sex to migrate farther, resulting in members of the dominant sex (i.e., the sex that wins encounters with and obtains priority of access to resources) wintering north of the subordinate sex. Finally, the arrival-time hypothesis (King et al. 1965 and references therein, Myers 198 1) suggests that intrasexual selection drives individuals of the sex that establishes breeding territories to winter closer to the breeding range. Such individuals may benefit by early arrival on breeding grounds, shorter migration distances, and initial choice of breeding areas. Each hypothesis assumes some cost to migrating longer distances.
Testing these hypotheses has proven difficult because many predictions are not mutually exclusive (Myers 198 House Finches are seed-eating, gregarious birds that breed in semi-colonial assemblages during summer, particularly in areas inhabited by humans (Thompson 1960a (Thompson , 1960b (Stewart 1989 (Stewart , 1990 Belthoff et al. 1990 ). In South Carolina, for example, large influxes of migrant finches appear during autumn and winter, while some locally breeding individuals remain throughout the year (Belthoff et al. 1990 ).
Our objective in the present study was to describe the migratory behavior and wintering distribution of male and female House Finches in the eastern United States. Using this information, we evaluated competing hypotheses for the evolution of latitudinal sex ratio variation in House Finches.
MATERIALS AND METHODS
We obtained banding summary data and recovery records for eastern House Finches from U.S. Fish and Wildlife Service' s (USFWS) Bird Banding Laboratory (Laurel, MD). From a total of 2,307 recoveries (either recaptured by banders or found dead), we determined recovery distances for all direct recoveries, which we defined as those where one migratory season occurred between banding and recovery. To determine direct recoveries, we used birds originally banded during winter (November through February) and recaptured the following spring or summer on their breeding grounds (15 April through August), and birds originally banded during the breeding season and recaptured the following winter. Indirect recoveries involved birds captured in alternate seasons but separated by greater than one migratory season. We assumed that birds captured during the breeding season were on or near their breeding grounds and that birds captured during the winter season were on their wintering grounds. We compared the mean number of 10' blocks traversed by males and females using the Mann-Whitney U-test (Zar 1984) . The frequency with which males and females leave the breeding grounds to winter was compared using a 2 x 2 contingency table and Chi-square test (Zar 1984) . Distance moved between banding and recovery, measured in number of 10' blocks (six 10' blocks per degree of latitude) is given as mean f one standard error throughout the paper. All tests were two-tailed with rejection levels set at (Y = 0.05.
To determine the timing of House Finch migratory movements we reviewed direct recoveries for which the time interval between banding and recapture was short. To determine the estimated arrival dates of migrant finches in South Carolina during autumn, we also recorded House Finch sightings along weekly census routes during 1980-l 988. Our census route, approximately 20 km in length, encompasses mainly rural and agricultural areas of Anderson County, SC. Annual census efforts typically began in late summer-early autumn and continued through the beginning of winter. Because there is little or no breeding by House Finches along this route (pers. observ.), individuals represent migrants from the north and perhaps some individuals that have moved from local breeding grounds.
To determine if male and female House Finch-es were differentially distributed during winter in the East (USFWS Regions 100-299) we calculated the total number of males and females banded by latitude (we included latitudes where >300 finches were banded). We excluded birds of unknown sex. The percentage of individuals in the banding data sexed as unknowns was low, averaging 5.2%, ranging from 1.2% at 43"N to 9.8% at 40"N latitude. We then evaluated the null hypothesis that proportions of males and females are the same among banded individuals at each degree of latitude using the log-likelihood ratio for contingency tables and associated G-statistic (Zar 1984) . We make two assumptions with this approach. First, that males and females had an equal probability of being captured by banders in the field. Even if a sex bias in capture probability were present, however, we believe it unlikely that this bias would differ with latitude.
Our analysis, therefore, should have detected any latitudinal variation in sex ratio that may have been present. Our second assumption is that banders showed no bias in applying bands to birds once captured; that is, regardless of the sex ratio of captured birds, banders were as likely to band males as they were to band females. Our analysis also used data pooled over many years (-30). If in some years one sex class moves and in others they do not, then, when such years are combined, this tends to minimize latitudinal segregation of the sexes. Therefore, our analysis is conservative because it reduces the probability of detecting significant patterns. During the period between 1 October and 3 1 December, finches with fully pneumatized skulls, both adults and young of the year, are assigned to the unknown (U) age class by banders. This precludes accurate information on age biased migration or patterns of winter distribution. We therefore pooled all age classes for analysis of winter distribution patterns. We analyzed winter sex ratios throughout western North America (USFWS Regions 300-645) similarly. For western House Finches, only 3O"N and 43"N latitude included fewer than 500 finches banded. To confirm that any pattern exhibited by eastern finches during winter did not also occur during the breeding season, we calculated sex ratios of adult (second year or older) House Finches between May and August for the years 1955-1989. Because they have only recently colonized southern latitudes for breeding, latitudes south of 38"N each represent fewer than 150 finches.
To determine relative body sizes of male and female House Finches, we sampled 192 males and 292 females on our study area, located near Clemson, Pickens County, South Carolina (between January-February and October-December 1989). To obtain an index of body size, JRB measured the relaxed wing chord length, tarsus length, bill length (exposed culmen), medial rectrix length (all to the nearest 0.5 mm), and body mass (to the nearest 0.5 g with a spring-loaded Pesola scale) for each finch captured. We compared the effect of sex on these five measures using multivariate analysis of variance (MAN-OVA). If significant effects existed, we estimated means (least squares means) and compared these means using t-tests. Examining initial sighting records also provides an indication of the timing of autumn movements for birds wintering in South Carolina. Initial arrival dates for House Finches wintering along our weekly census route indicate that many migrants have arrived on their wintering grounds by November of each year (Table 1) .
RESULTS

TIMING OF MIGRATION
Northward migratory movements from wintering areas occur during March and early April. The following records illustrate the movement: 1) an AHY male (#570-49720) banded 5 April 1980 in Virginia (37"5O' N) was recovered 10 days (Salt 1952 ) and this seems to have prevented members of this species from exploiting cooler, more humid areas in the past. Dawson et al. (1983) showed that members of the introduced eastern population exhibit less cold tolerance than populations in Colorado, but greater tolerance than California populations, and speculated that eastem populations are in the midst of evolving increased cold tolerance. Sprenkle and Blem (1984) believe that without access to artificial food sources (i.e., feeders). House Finches in the newly colonized part of the range have difficulty surviving harsh mid-winter conditions. They suggest that decreasing numbers of House Finches visiting feeders in Virginia during individual winters reflect large die-offs. Although winter mortality probably accounts for a part of this decrease, an increased tendency to migrate during this time may also account for some decreases in numbers of finches. Although many House Finches migrate from breeding grounds during autumn, some individuals remain throughout the winter. Thus, House Finches in the eastern U.S. are best described as partial migrants (Lack 1944 , Gauthreaux 1982 ). We could not reject the null hypothesis that females and males migrate similar distances. However, the ability of our statistical test to reject a false null hypothesis (i.e., power) in this case was undoubtedly low. We calculated the power for a comparable t-test to be near 0.14 (Cohen 1988). Power curves for Mann-Whitney U-tests were not available, but this suggests an extremely low probability of rejection even if the null hypothesis were false. Despite our failure to reject this null hypothesis, three additional factors suggest that the winter sex ratio variation we observed may have been influenced by differential migration. First, over the past one and one-half decades, before which no pattern was apparent, females migrated longer distances than males. Such data suggest that the winter pattern we observed may become increasingly apparent in future years. Next, clinal variation in winter sex ratio was not present among western House Finches for the same years it occurred in the East. Therefore, latitudinal migration, which reportedly is rare in western House Finches, may be driving winter segregation patterns. Finally, because sex ratios in the East were male biased during the breeding season at all latitudes except 45"N (the northernmost sample), clinal sex ratio variation was absent in summer. Thus, female-biased sex ratios at southern latitudes during winter imply that females moved south more often or farther than males, or males suffered greater mortality than females at southern, but not northern latitudes. We believe the latter is unlikely and that the migratory pattern exhibited by House Finches is similar to that of many other migrants The banding data reflect a clear, significant pattern of clinal latitudinal sex ratio variation among wintering House Finches in the eastern U.S., with males wintering north of females. Both the arrival time and behavioral dominance hypotheses are rejected as explanations for distribution patterns of sexes on the wintering grounds. The arrival time or sexual selection hypothesis implies that a species' social system is an important predictor of winter sexual segregation and requires knowledge of schedules of arrival on the breeding grounds for members of each sex. Arrival schedules are not available for male and female House Finches, and it would be difficult to gather such data because of overlap between residents and migrants. Thus, we cannot evaluate this hypothesis directly with the available data. However, Myers (198 1) suggests that selective pressures on the sex that establishes territories should lead both to individuals of that sex leaving sooner and wintering farther north. If so, winter sexual segregation should be widespread among migrant species in which one sex defends a breeding territory (Myers 1981) . The mating system of House Finches and other Carpodacus finches is characterized by males that do not defend breeding territories, and they may or may not defend the immediate area surrounding the nest site (Thompson 1960a , 1960b , Samson 1976 ). Instead, females choose the nesting site (territory) and may take over the duties of its defense entirely (Thompson 1960a (Thompson , 1960b Samson 1976) . Thus, if the immediate area surrounding a nest site is considered the territory, this hypothesis predicts that females (because they are the sex that predominantly competes for nest sites) should both winter farther north and arrive on breeding grounds earlier than males (see also Prescott and Middleton (1990) for predictions pertaining to American Goldfinches, Carduelis tristis). Assuming there is no advantage to males of early arrival, supported by their lack of territorial defense, the observed pattern of winter distributions is not consistent with predictions of the arrival time hypothesis.
Because members of the dominant sex obtain priority of access to critical winter resources, the behavioral dominance hypothesis predicts that subordinate members of the population are forced to migrate, or extend their migration in search of available resources (Gauthreaux 1978 Our approach to evaluating these competing hypotheses is straightforward, but we echo the sentiment among biologists that one or more of the proposed mechanisms may be operating at any given time to produce patterns of sexual segregation on wintering areas (Myers 1981, Ketterson and Nolan 1983, Kerlinger and Lein 1986). Our study is uniquely important because we control for confounding effects of body size on behavioral dominance. By examining a species in which females dominate males despite their smaller size, we conducted a critical test of the behavioral dominance and body size hypotheses. We conclude that behavioral dominance is not responsible for patterns of partial migration and does not explain latitudinal variation in winter sex ratios among House Finches in the eastern U.S. Different physiological constraints facing males and females, perhaps related to body size, remain a tenable explanation for winter segregation of sexes.
